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ABSTRACT

This paper describes a division matrix which can be used for the conversion of
numbers written in base a in their equivalent in base b.

The description of the elementary cell and the matrix is made with their mathematical
-expressions.

Application to the conversion of codes is made with examples for the linary to decimal
conversion and vice-versa,
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I.

INTRODUCTION =)

Iterative arrays offer lot of new possibilities for

the logical design.

Such circuits, which will be realised in a next future
are very usefull for parallel arithmetical operations

in the computers.

This paper describes a division matrix which can be used
for the conversion of numbers written in base a in threir
equivalent in base b.

The description of the elementary cell and the matrix

is made with their mathematical expressions.

Application to the conversion of codes is made with
examples for the binary to decimal conversion and

vice-versa.

*¥) Manuscript received on September 28, 1972












When the n columns of the complete matrix are
involved, we can write the expressions for every
division and replace succesively every quotient in the

following expression; finally, we get

m 1
3

wm_ 1 'S m N m-
A, + 2a.B, + a,Bjb+ ... +2a8BDb =

]

n | 2 n -
=An.b + B,+Bb + .... +B,0D

o

n n\1)

A+ a ( B b+ Bib'+ + BB =4, b +(Blb°+ B'b '+ o+ Bngj
™ ™

Now, the first parenthesis is B,, the sccond B,,

m (2]
+a.Bo:A.b+B

4] m

A

(o]
A, is the quotient and B the remainder of the division

™M n
of A, +a .B, by b

(A, +a .B,)mod b"

1 m
Ay, —b—n(A,,+a.B°- B, )

2.3 Example

An example is now given when a = I0 and b = 2;
A are decimal digits 0,1,2,..,9 an& B is 0 or I.
Twenty cases are possible of which we give the list

with the corresponding outputs.for Lhe celle

AN
+
-

A, B. Aiyg B
0 0 0 0
I 0 0 I
2 0 I 0
3 0 I I
4 0 2 0
5 0 2 I
6 0 3 0
7 0 3 T
8 0 4 0
9 0 4 I
0 I 5 0
I I 5 I
2 I 6 0
3 I 6 I
4 I 7 0
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3. CODE CONVERSION

A division matrix may be very usefull for the conversion
of a number written in code a into its equivalent in
code b, Integers and number less than I have to be

considered separately.

3.1 Integers

For this purpose, we put the number to be converted

at input A, and we take B,= 0.

We can notice that the successive quotients A, A,

will be more and more gsnall, and if the number of
columns is large enough, the last quotients will be O.
Making B,= O and A,= O, in the expression giving 4&,,
it yields
4 n
A = B

[ m

B,has the same value as A, but written in code b

The number n of columns necessary wil be given by
noticing in your preceding example, that the largest
decimal number with 3 digits may be 999; this number
divided by 2IO = 1024 will give 0O, as a quotient, and
IO columns are necessary.

In the general case, we musi have

a” -1 >,bn
m \
n >/ Loz(a -1y

Logb

3.2 Fractionnal numbers

The same matrix may be used for converting numbers less
than I, written in~bagse b in their equivalent in base a

If the matrix has an adequate number of rows, we feed
the number B to be converted in the inputs B,, and

taking A, = O, the expression of A gives
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4 m

A, = (0+a .B,-—0)
bn

A 1

oA =P .

é;Anié a number of which the point is just before the
most significant digit.

In the case of fractionnal numbers, it is not always
possible to have an adequate number of rows, because
the numbers of digit may be infinite, if m rows are
involved, the preceding formula becomes

By

1A ' (B, -2n

T A T
m must be large enough to give the error 2?; less

than the required precision.

Therefore, an [a,b]matrix converts integers from base
a into base b and fractionnal numbers from base b into
base a.

If, now, we need convert integers from base b into base
a and fractionnal numbers from base a into base b,we
have to design a new matrix of which th elementary cell

will have parameters permutated.

3.3 Examples

We will designed the two matrices for the conversion
of numbers, integers and fractionnals, from binary into
decimal and vice-versa.

Fig. 5 shows the cell[IO,Z]', its table (Fig. 6 )
and the matrix[lo,g]converting I3 (base I0) and 0,0II
(base 2 ) (Fig. 7)

Fig. 8 shows the cell[2,I0] , its table (Fig. 9)
and the matrix[Z,IO] converting IIOI (base 2) and 0,375
(base IO ).
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Fig. 6 - Table for cell[IO,2}






- 15 -
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Fig. 8 - Cell[2,I0]

Len

O N W

Hloococoo

O HN ™M <

sloocoocoo

O N WO

H o H

NN \O ~ O

©COCOOOo

H IO~ OY

o oNeNoRe

O HN ™M <

HHMHKHH

H MO~ O

o

N\~ O

HHHMHH

Fig. 9 - Table for[2,I0] cell
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4, TXAMPLE FOR BCD CODE

Now, we musf show howbto realise the elementary cell
with electronic componehts.

As we must use a representation of numbers with bits,
inputs and outputs of the cell will have more than I
wire when numbers have a base more than 2.

As an example, we shal compute the circuitry of a
[10,2] cell when I,2,4,8 BCD code is used.

We shéﬂ_write the table of this cell in this code

AL B. AL ia Blia

T z y X T Z Y X

0O O 0 © 0 O 0 0 O 0
O 0 0 I 0 O 0 0 O I
O 0 I O 0 O 0 0 1T 0
O 0 I 1 0 O 0 0 T I
O T 0 O 0 O 0 I O 0
O I O I 0 O 0 I O I
O I I O 0 0 0 I I 0
c I I I 0 O 0 I 1T I
I 0 O O 0 0 I O O 0
I 0 0 I 0 O I 0O O I
O 0 0 O T O I o0 I 0
O 0 0 1 I O I 0 I I
0O 0 I © I 0 I I O 0
0 0 I I I C I I O I
c I O O I O I I 1 0
O I 0 I I O I I 1T I
0O I I O I I 0O 0O O 0
O I I I I I 0O O O I
I 0 O O I I 0 0 I 0
I O O 1I I I 0 O I I

Pig. II - 10,2 cell table in I,2,4,8 code

We can consider X,Y,Z,T and B,,,as booleean functions

of the 5 variables x,y,z,t and B
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